
Physical

Sci.LiB

TC

824

C2

A2

N0.12M:2|

JSRXRT

PHYSICAL SCI. LIB. -

of California

esources Agency

tment of

Resources

UNiVEF^^ITY OF CALIFORNIA
DAVIS

MAR 2 5 1977

ter Use by
nufacturing Industries
alifornia 1970

In No. 124-2

i1977

:ii





1978

PHYSICAL SCI. LIB. -

of California

esources Agency

tment of

I
Resources

UNIVERSITY OF CALIFORNIA
DAVIS

MAR 2 5 1977

^OTf DOCS.-UBRARY

ter Use by
nufacturing Industries

~;alifornla 1970

In No. 124-2

J 1977



ON THE COVER;
Kaiser Steel plant in Fontani

California. Here, process water ar

cooling water are extensively red

culated and reused. (See page 76



"--)

Department of

Water Resources

Bulletin No. 124-2

Water Use by
Manufacturing Industries

In California 1970

March 1977

Claire T. Dedrick

Secretary for Resources

The Resources
Agency

Edmund G. Brown Jr.

Governor

State of

California

Ronald B. Robie
Director

Department of

Water Resources





FOREWORD

Bulletin No. 124-2 presents the results of a state-
wide survey of water use in 1970 by California manufacturing
industries. A prior survey in 1960, covering the period of
1957 through 1959, was reported in Bulletin No. 124 (April

1964).

Knowledge of the water intake requirements of manu-
facturing industries is highly important to local and regional
management planning. The data obtained from the current
survey will provide basic information for water resources
management actions throughout the State. The survey was
conducted with the cooperation and financial participation
of the U. S. Army Corps of Engineers and the U. S. Bureau
of Reclamation. This participation enabled a far more
complete survey than otherwise would have been possible.

Mcinufacturing industries in California use almost
1 170 cubic hectometres (950,000 acre-feet) of fresh water
annually. This represents 19 percent of the total urban use.

Manufacturing is expanding; the number of industrial plants
in 1970 was about 30,000, up some 3,000 since 1958. In addi-
tion, the relative percentages of the various types of industries
and their rates of water use have changed significantly.

Despite the increasing number of manufacturing plants
in California, total industrial water use has remained at
about the same level as in the 1960 survey. A major factor
is the stringent environmental requirements for improved
water quality. Current waste discharge controls have caused
many industries to treat and reuse waste water and thus reduce
fresh water intake.

Ronald B. Robie, Director
Department of Water Resources
The Resources Agency
State of California
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CONVERSION FACTORS

English to Metric System of Measurement

Quantity English unit

Length inches (in)

feet (ft)

miles (mi)

Area square inches (in'

square feet (ft^)

acres

square miles (mi^)

Volume gallons (gal)

million gallons (10^ gal)

cubic feet (ft3)

cubic yards (yd^)

acre-feet (ac-ft)

Multiply by





Chapter I. INTRODUCTION

Industry is an important element in
water planning for the future because
about 20 percent of all water required
to meet urban usesi/ is for manufac-
turing. Moreover, not only are supplies
recjuired in significant quantities
statewide, but also demcuids may be
high at specific locations. For
example, pulp and paper mills in the
northwestern counties, oil refineries
in Contra Costa and Los Angeles Coun-
ties , and food processing plants in
the Central Valley all require large
quantities of water to manufacture
their products.

With but few exceptions, the cost of
water remains relatively insignificant
in relation to other manufacturing
expenses , and is not an appreciable
deterrent to use. This observation
from limited s\irvey data seems to be
borne out in a National Water Commis-
sion report which states that "the
nationwide average water cost as a

percent of gross income for selected
industries was 0.59 percent for steel;

1.46 percent for paper; 1.45 percent
for petroleum and 1.33 percent for

chemicals. "—

Today, the overriding incentive to

conserve water stems from state and
federal controls governing the quality
of discharged process water. Here, an
expense is also involved. Dischargers
must pay the cost of treatment in public
treatment facilities, and must provide
their own treatment of waste water
when discharging to navigable receiving
waters or to areas where the potential

for ground water pollution exists.

Where treatment costs are high, conser-
vation becomes an essential considera-
tion to manufacturers who use large
quantities of water. Therefore, more
and more industries have begun to recir-
culate and reuse their original water
supplies. As a result, although the

number of manufacturing operations
increased from cibout 27,000 in 1960 to

almost 30,000 in 1970, total fresh water
intake for manufacturing has remained
largely unchanged.

Many factors affect the quantities of
water intake; possible recirculation,
amounts consxomptively used— , and the
quantities discharged, including (a) the
quality and type of the raw material,
(b) the design of a manufacturing plant,
and (c) the introduction of more effi-
cient industrial processes. Accordingly,
two plants manufacturing almost identi-
cal products may have considerably dif-
ferent water requirements.

As an example of raw material differ-
ences , a plant producing sugar from
cane may have different water require-
ments than one producing sugar from
beets. To exemplify "b" , efficient
water use is now a more important con-
sideration in the design of new indus-
trial plants; formerly, especially where
supplies were plentiful, efficient use
was often disregarded. "C" is exempli-
fied by the recent practice in lumber
mills of supplanting pond storage of
logs with sprinkled log decks , which
not only use less water but also are
cleaner.

1/ "Urban water use" is also referred to as "municipal and industrial water use".

The terms are interchangeable . Both refer to type of use^ rather than place

of use.

2/ Robert, Young et al. , Economic Value of htiter Concepts and Empirical Estimates,

National Water Commission, 1972.

S/ Consumptive use is defined as water lost through evaporation or that actually
incorporated into the product (intake less discharge)

.

1



FIGURE I

^4ANUFACTURING CLASSIFICATIONS

Major Group Number

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Classification

Ordnance and accessories

Food and kindred products

Tobacco manufacturers

Textile mill products

Apparel and other finished products made from

fabrics and similar materials

Lumber and wood products , except furniture

Furniture and fixtures

Paper and allied products

Printing, piiblishing, and allied industries

Chemicals and allied products

Petroleum refining and related industries

Rubber and miscellaneous plastic products

Leather and leather products

Stone, clay, glass, and concrete products

Primary metal industries

Fabricated metal products, except ordnance,

machinery, and transportation equipment

Machinery, except electrical

Electrical machinery, equipment, and supplies

Transportation equipment

Professional, scientific, and controlling

instruments; photographic and optical goods;

watches and clocks

Miscellaneous manufacturing industries

(As listed under "Division D, Manufacturing", in the Standard Industrial

Classification Manual (1967) , Executive Office of the President, Bureau of

the Budget, Office of Statistical Standards.)



Scope and Purpose of Study bility of using reclaimed water.

This study reports the results of a
statewide survey of water use by
California manufacturers in 1970. The
manufacturing categories represented
in this report are shown in Figure 1.

The data gathered in this survey are
intended to provide a uniform base from
which public agencies and other organi-
zations that plan and operate water
distribution facilities can evaluate
current water use practices and plan
for future manufacturing water needs.
In cooperation with the U. S. Army
Corps of Engineers eind the U. S.

Bureau of Reclamation, the Department
of Water Resources undertook the sur-
vey to examine such factors as the
total annual amounts of water taken
into industrial plants, the extent to
which manufacturers are using recir-
culated water, quantities of process-
ing water discharged, and the capa-

All California manufacturers that
employ one or more persons were con-
tacted during the survey^ . Advance
notice was published by the California
Manufacturing Association, and some
30,000 questionnaires were mailed in
June 1971; in December 1971, 15,000
more were sent to the larger companies
that had not responded to the June
mailing. Completed, or partially
completed, questionnaires were ulti-
mately received from about 6,000 com-
panies. These plants reported using
48 percent of the estimated 1 170 cubic
hectometres (950,000 acre-feet) of
total fresh water intake.

The tables in Chapter IV summarize the
water use data as reported from the
survey questionnaires; Tables 6 and 7

present estimated total fresh water
use, which was derived by expanding
the reported data.

Part of recirculation process in a

steel mill. Water is treated in this

circular clarifier prior to recircula-

tion. Courtesy of Kaiser Industries

J7 Thus, about lOyOOO small enterprises conducted by individual owners with no
employees were excluded. These enterprises are believed to use less than 1

percent of the total water used for manufacturing.

3—75440



Sprinkling log decks to preserve wood quality. Water is

recirculated from ttie return-flow ditch (foreground).

Steam-cleaning equipment in a food-processing plant

Summary

In 1970, some 30,000 manufacturing
plants operated in California. About
1 170 cubic hectometres (950,000 acre-
feet) of fresh water per year is required
to supply the needs of these plants.

Manufacturing water use has remained
essentially the same between the 1957-59
period and 1970.

The industrial sector uses about 19 per-
cent of the State's total urban fresh
water. This level of consumption con-
trasts with the 30 percent needed in the
1957 through 1959 period.

Many plants require water only for sani-
tation and drinking; others use large
quantities of water in the manufacturing
process.

Over 317 cubic hectometres (258,000 acre-
feet) of fresh water are estimated to
be required by the major user group,
the food industry.

Second in use is the pulp and paper

industry, which uses 211 cubic hecto-

metres (170,000 acre-feet) , followed

by petroleum refining, 208 cubic hecto-

metres (169,000 acre-feet); chemicals,

99 cubic hectometres (80,000 acre-feet);

Ivmiber 83 cubic hectometres (68,000

acre-feet); stone, clay and glass, 57

cubic hectometres (47,000 acre-feet;

and primary metals, 39 cubic hectome-

tres (32,000 acre-feet).

The greatest single change in water use

occurred in the wood products industry

in which intake requirements declined
from 262 cubic hectometres (213,000

acre-feet) in the late 1950s to 83

cubic hectometres (68,000 acre-feet)

in 1970.

All other major industrial groups

increased their water requirements except

the chemical industry, which showed a

slight decline.



Los Angeles County is first among coun-

ties in total annual fresh water use.

San Francisco Bay Counties follow.

Plants with high water requirements

are often located on bays and estu-

aries and on the ocean, where large

quantities of brackish water are

available. Most of these are in Contra

Costa County; a smaller number are in

Los Angeles, Monterey, Alameda, and

San Mateo Counties.

In addition to the total estimated

1 170 cubic hectometres (950,000 acre-

feet) of fresh water used by manufac-

turing industry, considerable quanti-

ties of brackish water are also used.

No attempt was made to estimate the

total amount of brackish water required;

however, brackish water comprises 45

percent of the reported total water

intake by manufacturers.

Cooling water continues to be the
major application in manufacturing,
followed by processing, boiler feed,
employee use and sanitary require-
ments, and air conditioning.

During the 12-year period 1958-1970,
recirculation increased from about 2

times to about 6.7 times.

The consumptive use of water varies
considerably among plants. The
discharge-intake ratios vary from
slightly more than 0.40 to over 0.95.

The attitude among manufacturers is

that 55 percent of the intake water
would be acceptable from reclaimed
sources, providing quality and cost
are equal to their present supply.

Fifty-six percent of the fresh water

supply was reported to have been pur-

chased from water service agencies

and the remaining 44 percent was self-

produced.

Water is used to cool steel beams in this cooling bed in a

structural steel mill

In this northern California chemical plant, water is cooled

in the tower (left foreground), conserving about 42,000

cubic metres (11 million gallons) daily.

Union Oil Company Refinery near Crockett, California



Chemical plant In Contra Costa County. The solar ponds (foreground) are used to reduce the volume of

toxic Industrial waste water by evaporation.



Chapter II. DATA BASE CHARACTERISTICS
AND SURVEY PROCEDURES

All industries classified as manufac-
turers that were active in California
during 1970 were contacted during the
survey. The names and addresses of
these manufacturers, and their employ-
ment statistics, were obtained from
the California Department of Employment
Development (EDD) , which supplied (1)

average midmonth employment data, by
county, for each month in 1970, and
(2) the Standard Industrial Classifica-
tion Code Number— assigned to each
plant.

Because only partial response to the
survey was obtained, some basis for
expauiding the sample results was
needed to determine total water use.

The basis selected was employment. On
the basis of the information received
from EDD, a unit rate of water use per
employee was calculated; the rate could
be easily applied to all persons known
to be working in a specific industry
in a specific county. Then, the unit
rate calculated for each industry group
was multiplied by the nvunber of employ-
ees in the group.

This method was assiamed to provide the
most accurate measure of water use for
a given industry group, and, for pur-
poses of this survey, use was assvuned

to be relative to the size of the
labor force. In other words, water
use was considered proportional to

the number of persons employed in

each industry group, based on the quan-
tity calculated for each employee.

Classifying industries as distinctly
high or low water-using is impractical
because there is no clear demarcation

between those having high water require-
ments and those needing relatively
little water. Per-employee rates of

use may vary greatly from plants requir-
ing high volumes of water for process-
ing, cooling, and other major manufac-
turing uses to those that use water only
for drinking and sanitation. A large
plant with many workers , in which water
is used principally for employee accomo-
dation, may be seen as a high water
user, even though no water is used for
manufactxiring . Other nonprocessing
water uses include fire protection,
landscape irrigation, cleaning and
flushing, and dust control.

Many plants manufacture a variety of
products , each of which is identified
by a code number of the Standard Indus-
trial Classification (SIC) . For this
study, the major product a plant manu-
factures determines the SIC code assigned
to it. Where one company operates sev-
eral plants , each plant has been assigned
a code nximber to identify the major pro-
duct it manufactures. Structure of the
SIC system is described in Appendix D.

Large companies often set up sales offi-
ces, warehouses, and other business
outlets that do not fit the manufactur-
ing classification. To establish unit
water use per employee, these fringe
facilities were considered part of the
manufacturing complex, and the employ-
ees working there were included in the
total number of company employees . As
stated earlier, the basis of the study
procedure was to establish the loca-
tion of water use by the place of
employment. This necessitated some
adjustment where office employees were

1/ A system for classifying manufacturing industries — -presented in Division D

of the Standard Industrial Classification Manual (1967 edition), prepared by
the U. S. Office of Statistical Standards. See Appendix C. "Definitions of
Manufacturing Industries .

"



Chemical plant near Pittsburgh in Contra Costa County

courtesy of Dow Chemical

h

located in other counties. For example,

in certain cases, such as the petroleum

refining and canned fruits and vegetables

industries, special attention was

required to allocate water use to the

county of actual use because many admin-

istrative and clerical offices were

situated outside the counties of

manufacture

.

Small industrial plants that share

space in large buildings present a

special problem. Often one master

meter serves the entire structure, and

water use records for single users

were inseparable from the total record

of consumption. These data were

deleted from the survey.

The difference in the estimated total

fresh water use between Tables 6 and

7 resulted from the method of expand-

ing respondent survey data.

Table 6 was expanded, where possible,
from data provided at the 3 and 4

digit Standard Industrial Classifica-
tion level within each county. Only
where no such data were available were
statewide 3 and 4 digit employee unit
use values used for expansion. In

Table 7, however, only average state-
wide employee unit use values, at the
3 and 4 digit SIC levels, were used
for expansion.

Replies to questions were received
with varying degrees of success. Ques-

tions of an economic or internal nature
were poorly responded to, while ques-
tions relating to water use and source
were, for the most part, well answered.

Some responses were inadequate because
the questions were misunderstood or

misinterpreted; these are not included

in this report. Summaries of questions
relating to product manufactured, costs,

and future water requirements were



deleted from this report for the rea-
sons stated above.

Answers to questions reported in Tables
1 through 9 are as follows:

Table No .

1
2

3

4
5

5

6

7

8

Item

Reported Range of Water Use
Reported Water Use by Industry
Reported Water Use by County
Reported Type of Water Use
Reported Recirculation
Reported Discharge
Estimated Water Use by County
Estimated Water Use by Industrial Group
Reported Potential Acceptance of

Reclaimed Water
Reported Source of Water

Percent
Response

18
18

18
17

18

13

18
18.4
10.1

18.4

Responses, although appearing to be
somewhat low, were received from plants
using about 48 percent of the total
fresh water intake requirements . As a

general rule the larger plants and those
using the most water provided the high-
est percentage of replies.

Ljnde Air Reduction Plant in Fontana, California



FIGURE 2

O R E G
GENERALIZED REGIONAL MAP OF CALIFORNIA

SHOWING COUNTIES AND MAJOR CITIES

NORTH COASTAL

SAN FRANCISCO BAY

CENTRAL COASTAL

SOUTH COASTAL

CENTRAL VALLEY

NORTH LAHONTAN

SOUTH LAHONTAN

COLORADO DESERT
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Chapter III. GEOGRAPHIC SIGNIFICANCE OF CALIFORNIA
MANUFACTURING INDUSTRIES

In many respects, California manufac-
turing tends to be regionalized; i.e.,
particular classes of industry are
centered in certain areas of the State.
For example, lumber mills are princi-
pally located in the North Coastal area,
oil refineries are concentrated in the
San Francisco Bay and North Coastal
areas, and food processing plants are
most prevalent in the Central Valley.
The following discussion of manufac-
turing in the State indicates the
principal types of industry located in
eight regions of California, as shown
in Figure 2.

North Coast

Lumbering and wood products manufac-
turing are the principal industries in

the North Coastal area. Two large
pulp mills are located on the Humboldt
County coast, and numerous large lumber
mills are located throughout each of
the north coastal counties, including
Humboldt, Del Norte, Trinity, Mendocino,
Lake, Glenn, Siskiyou, and Modoc. A
few establishments processing fish are
located in Humboldt County, and a

limited number of agriculturally ori-
ented plants are situated in Siskiyou
County

•

San Francisco Bay

Nine counties front on San Francisco
Bay. Manufacturing, however, is more
heavily concentrated in the south and
east bay counties of San Francisco,
San Mateo, Santa Clara, Alameda, and
Contra Costa, although it is beginning
to expand into the northern counties
of Solano, Napa, Sonoma, and Marin.

A number of factors have contributed
to the growth and diversification of
manufacturing in the Bay Area, includ-
ing a temperate climate that allows

efficient year-around operation, ade-
quate water supplies, efficient rail,
air, and highway transportation, ade-
quate service by public utilities, and
a large labor force. Population has
risen from about 1.7 million in 1940 to

2.0 million in 1970, an 18 percent
increase.

Each portion of the San Francisco Bay
area has certain characteristics that
set it apart from neighboring communi-
ties. San Francisco, in many respects,
is the hub of the area, much as Los
Angeles is the metropolitan center of
Southern California. Manufacturing
industries occupy an important part of

the San Francisco economy, as measured
by a census of industry employment and
payroll. Almost 1,500 manufacturing
units are located in San Francisco
County, and space for additional devel-
opment is now limited.

The San Mateo Peninsula, just south of

San Francisco, has experienced a sub-

stantial increase in population and
manufacturing. Many of the newer manu-
facturing plants are located in indus-
trial parks, i.e., areas zoned for

manufacturing or similar industries,

and generally fall into the lighter
water-using categories. Manufacturers
of electronic and scientific instru-
ments, and the like, are commonly found
here. Photographs of this new type of

industrial accommodation are shown on
the following page. The acreage used
for this purpose, or that zoned for
future use, has increased many fold
during the past two decades.

Santa Clara County has also experienced
a very rapid expansion of population
and manufacturing. The industrially
used land appears continuous through
San Mateo County and into Santa Clara
County, with much the same type of

I

4—75440
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Industrial park in San lUateo County

manufacturing in each. The complex of
manufacturing differs, however, in that
the numerous long-established food-
products plants in Santa Clara County
tend to influence water use by their
high water requirements.

Santa Clara County water requirements
are substantial and are continuing to
grow rapidly as the population increases.
Although some water is imported, most
is developed locally from wells. Under-
ground supplies, however, are limited,
and plans are in effect to import addi-
tional water.

Manufacturing in the Oakland metropoli-
ran area, which includes the highly
industrialized City of Emeryville, has
been established for many years. There
are slightly more than 1,500 manufac-
turing plants in Alameda County, of
which approximately 325 are in the City
of Oaklcind. Twenty-two industrial
tracts euid parks have been noted
recently. Manufacturing in Alameda
County is highly diversified, eind many

plants use large quantities of water
for their operations. Contra Costa
County also has a great concentration
of diverse manufacturing establishments.
Among these are major petroleum refin-
ing companies with exceptionally high
water needs, a large part of which are
met with brackish supplies from the
south shores of San Pablo and Suisun
Bays.

Some industrial expansion is occvirring

in the north bay counties of Marin,
Sonoma, Napa, and Solano, but they are
not so heavily industrialized as the
south- and east-bay localities described
in the preceding paragraphs. Some older
types of manufacturing, including win-
eries in Napa and Sonoma Counties, have
been in existence for many years.

Manufacturing is otherwise concentrated
in and about the cities of Benicia,
Vallejo, Napa, cind San Rafael. New and
diverse types are now becoming estab-
lished in these areas.

12



Central Coast

In the north Central Coastal area, a
number of food processors operate in
or near Hollister and Gilroy. These
include canneries and dehydrators.
Other food processors, including pro-
duce freezers and fish canneries , are
located on or near the coast near Santa
Cruz, Watsonville, Moss Landing, and
Salinas. A number of major wineries
have now situated in the fertile
Salinas Valley.

Petroleum storage is significant today
south of San Luis Obispo and is con-
tinuing to enlarge. Storage and
refinement of oil products will prob-
ably increase if plans for a deep-
water port off Morro Bay are realized.
Mining is also still important, partic-
ularly for mercury.

Industry in the Santa Maria area con-
sists of food processing plants (wash-
ing, packing, and sugar beet proces-
sing) . In addition, the number of

electronic-oriented plants is increas-
ing. Continued growth of the latter
will probably depend on the level of
activity at Vandenberg Air Force Mis-
sile Test Center in the adjoining
basin to the south.

In Samta Barbara County, food proces-
sing plants, along with petroleum,
ordnance, and electrical industries,
dominate the industrial scene. Research
and development facilities aire also
important. The biggest future in
industry here lies with the petroleum
industry, and new offshore wells, along
with refineries, will probably be
established.

South Coast

Industry in the Santa Clara River Val-
ley area consists of petroleum, food
processing, extraction (sand and
gravel) , scrap metal, and research and
development activity. Oil well fields
are extensive, along with refineries.

Industrial park In South San Francisco

13



Washing nectarines for fresh packaging

Washing vegetables before blanching, packaging, and

freezing

Olive processing has high water requirements and gener-

ates large quantities of brine

and, in light of the fuel shortage,
this industry should continue to grow.

All types of vegetables and field

crops are processed here; sugar beets

are refined and lima beans are frozen
and packaged. In addition, several
fish canneries are located here.
Recent years have seen a rapid increase
in light manufacturing plants.

Los Angeles County is the hub of indus-

trial activity in California. Indus-

try is diversified and includes
petroleum, chemicals, light manufac-
turing, paper, foundries, aerospace,

shipyards, canneries, and other food

processing industries. As in other

areas , the petroleum industry is

expected to grow. Some industrial
areas, particularly some of the older

light manufacturing areas , are run

down and have a high vacancy factor.

In many cases this has been caused

by a movement of industry to indus-
trial parks in sxiburban areas

.

Efforts are now being made to rede-
velop blighted industrial areas.

Heavy industry in the Santa Ana basin

is best illustrated by Kaiser Steel
in Fontana. The Kaiser plant has

received world-wide attention because
of its efficient use of water in manu-
factxaring steel. Portland cement
plants are extensive, along with sand

and gravel operations. A few wineries

are located here, along with other
food processing industries such as

those that serve the citrus industry.

Chemical plants, including air reduc-

tion, are important, along with petro-

leum (wells and refineries) , clay

mining for bricks, railroad repair

and switchywards , aerospace, food pro-

cessing — including sugar beet refin-

eries — and extensive light manufac-

txiring and research and development.

This area has grown rapidly over the

years and industry has greatly
increased. Large industrial parks

are numerous, and industrial growth

continues in step with population
gains.

14



In San Diego County, one of the most
rapidly developing Southern California
areas, major industrial activity is

oriented around electronics, medical
health and life sciences, food pro-
cessing, oceanography, apparel, and
research and development. Also impor-
tant are transportation and the aero-
space industry. Salt evaporation ponds
are still located in the San Diego Bay
area, and mining is still important in

some of the rural areas. Extensive
areas zoned for industrial parks are
filling rapidly with enterprises
devoted to research and development,
food processing, and light manufactur-
ing. The port facilities continue to

be important, and a new cannery (Van

Ccimp) has recently been moved here
from the Los Angeles area. In addi-
tion, there appears to be a rise in
shipbuilding.

South Lahontan

Industrial development in the Mono-
Owens Valley is sparse and primarily
consists of the mining of tungsten,
talc, pumice, and other minerals, inclu-
ding salt extraction from evaporative
ponds. Mining predominates in the
desert region of California but,
although mentioned in the following
discussion, is not included in the
data in the tables in Chapter IV.

Manufacturing growth is not anticipated.

Death Valley mining — mainly tungsten,
gold, lead, and borates — is a prin-
cipal industry in the South Lahontan
area. Much of the mining is carried
on without extensive use of water. Ore
is shipped to other areas for processing
and manufacturing into primary metals
and other basic materials.

Some research and development is con-
ducted at the Naval Ordnance Test
Station at China Lake. In this same
area, south of Little Lake, is a large
lumber mill, where stacked logs are
sprayed continuously to reduce fire
hazard and to preserve wood quality.

Water is used extensively in this closed system of a

chemical plant - Courtesy of Dow Chemical

Water is softened before use in a recirculation system in

a California steel mill. Softening is one of many opera-
lions in the raw-water treatment plant.

Treated and recycled water in manufacture of pulp for

paper
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The logs are constantly sprinkled to

maintain an atmosphere of high humidity,

which is required to prevent a blue

fvingus from spreading throughout the

wood and to prevent the wood from drying

and splitting (checking)

.

The Antelope Valley has a thriving air-

craft industry, along with Portland

cement and chemical factories. Mining

is still important in the area, also.

There could be significant industrial

growth in the Antelope Valley if the

intercontinental airport is constructed.

This would probably result in the

development of extensive light manu-

facturing industries and transportation

support facilities. Antelope Valley is

also the center of large concentrations

of sands and gravels — still untapped

but with great potential considering

the probable need for construction.

Portland cement is manufactured in the
Mojave River area. Other industries
include mining, and sand and gravel
extraction. The area also has exten-
sive military storage and distribution
facilities. However, extensive growth
of industry is not anticipated.

Colorado Desert

Industry in the Twenty-Nine Palms-
Lanfair area is relatively minor, with
limited activity related to mining and
salt extraction from chloride deposits.

Kaiser's Eagle Mountain iron-ore mining
operation is located in the Chuckwalla
area. Mines are extensive throughout
the area, but most are small operations.
Some mining is carried on in the
Colorado River area, along with some

ornamental rock quarrying.

fT-^^^^^

Bleaching and washing process In the reduction of wood

chips to pulp for manufacturing paper

Cooling broccoli after blanchtng prior to packaging and

freezing
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Washing and moisturizing raisins

The food prcessing industry in the
Coachella Valley is important. Fresh
produce is washed, packed, and shipped
to many areas throughout the United
States. The area has a potential for

the growth of light industry, which
could be stimulated by the rapid urban
development occurring between Palm*

Springs and Indio.

The Imperial Valley has extensive pro-
duce processing plants, including large
sugar beet refineries. There are cem-
neries, freezing plaints, cotton gin
mills cind food processing plants. In

addition, there are some salt works
euid a chemical plant that produces
agricultural chemicals.

Central Valley

Numerous industries in the Central Val-
ley use large quantities of water.
These principally comprise plants pro-
cessing agricultural products — sugar,

fruits, vegetables, and nuts — and beef
and dairy products. Other industries,

e.g., mcinufacturers of agricultural
implements, use smaller quantities of
water. In addition to food processing,

the Sacramento Basin portion of the Val-

ley has a large wood products industry,

including a paper mill at Anderson and
widely dispersed Iximber mills.

In Sacramento and Scui Joaquin Counties,
alone, there are some 600 manufacturing

17



plants. Manufacturing in the Sacramento
Valley is quite diversified, while San
Joaquin Valley industry, particularly
in the Fresno and Stockton areas, is

oriented somewhat more directly to food
processing, where manufacturers produce
items from agriculture or items needed
in the pursuit of agriculture.

Lumbering is the principal manufacturing
industry in the Central Valley foothill
areas, but is relatively minor compared
with other types of manufacturing on the
Valley floor.

Industry in the Delta area is almost
entirely agriculturally oriented, with
production, processing, packaging, and
distribution of many diverse food prod-
ucts. Agriculture itself is located

in the rich delta area of the Sacramento
and San Joaquin Rivers extending east-
ward to the Sierra foothills . The

industrial activities supportive of
agriculture are centered in the Stock-
ton area, including considerable fabri-
cation, sales, and repair of farm
implements

.

North Lahontan

With the exception of a limited amount
of lumbering in the Susanville and

Sierra Valley areas, very little manu-
facturing is carried out in the North
Lahontan area, a small region in north-

eastern California. The area, which
includes the Lake Tahoe Basin, is prin-
cipally devoted to recreation.

Vats for olive curing are filled with brine

18



Chapter IV. DATA ANALYSIS AND SUMMARY

The following analyses are based on
information submitted by manufacturers
responding to the questionnaire.

Overall water use by the State's manu-
facturers is now eibout 1 170 cubic
hectometres (950,000 acre-feet) — up
only slightly from the 1957 through
1959 period. Probable reasons for the

minimum increase are the greatly
reduced water use by lumber mills,
lower use in the chemical industry in

1970, and the increased recycle rate
throughout industry.

The nine leading manufacturing groups
in order of volume of water use are

:

(1) food products, (2) petroleum
refining, (3) pulp and paper, (4) chemi-
cals, (5) wood products, (6) stone,

clay, and glass products, (7) primary
metals, (8) transportation equipment
and (9) fabricated metals. All use in
excess of 34 cubic hectometres (27,000

acre-feet) per year. This sequence
involves two significant changes in

the order of use since the 1957-1959
survey, which found wood products
second and petroleum refining third.

The tables in this report are arranged
somewhat similarly to those in Bulle-
tin No. 124, "Water Use by Manufactur-
ing Industries in California, 1957-1959",

published in 1964. Table 1 presents
the range of water use for reporting
plants within each of the industry
groups. Tables 2 and 3 show reported
water-use data of responding plants.
Data is related to industry group in

Table 2, while Table 3 presents water

use by county. Table 4 reports data
on types of water use within the plant,

and Table 5 reports recirculation and
water discharged by industry group.

Table 6 shows estimated total water
use for manufacturing, by county eind

industry group, based on expansion of

the reported data in the previously

described tables. Table 7 contains
estimated total water use of major
industry groups and includes unit water
use per employee, from which estimates
of total use were computed. Table 8

shows potential degree of acceptance of

reclaimed water by industrial groups,

and Table 9 shows reported water use by
source

.

Approximately 4 percent of the plants
reporting used at least 81 percent of

the total reported water intake (Table 1)

.

Thirty-one plants reported more than 4

cubic hectometres (3,000 acre-feet),

while the greatest number of plants fell

within the range of 378 to 3 780 cubic

metres (100,000 to 1 million gallons).

In making these estimates, the midpoint
value of each range of water use was
assumed to represent the annual gross

intake of each of the plants falling

within that range. For example, column 5

includes the number of plants which use

between 100 million and 1 billion gal-

lons per year. For calculation purposes,

a midpoint value of 2 cubic hectometres

(1,700 acre-feet) was assumed to be the

annual gross intake of each of the plants

falling within the range of this column.

The food industry (SIC No. 20) continues

to lead all others in water intake

requirements (Figure 3 and Table 2)

,

having increased 13 percent since 1960.

Canning and frozen food processers still

account for the greatest use in this

industry. The increase in water use is

somewhat commensurate with the State '

s

agricultural production growth during

the past 15 years.

Petroleum refining is now the second

largest industrial water user, moving
from third place in 1960. Water use

has risen nearly 15 percent. Again,

this increase seems to be directly
associated with the ever-increasing

demand for fuel to power vehicles and

5—75440
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for electrical power generation in

both California and elsewhere in the
nation. A further stimulation in petro-
leum refining may be attributed to the
other uses for petroleiam products, par-
ticularly in synthetic fabrics and for
plastics. In the total petroleum indus-

try, water use for petroleum refining,
by far, exceeds that for other petro-
leum products.

Water use in paper and pulp manufac-
turing (SIC No. 26) has increased sig-

nificantly (233 percent) between the
1957-1959 period and 1970. Along with
Iximber production, the pulp and paper
industry is now mainly responsible for

the high industrial water requirements
in Northern California. Four mills in

this region, using waste wood from
lumber and plywood mills, account for

almost half of the State's paper pro-
duction. A comparable quantity of

water is required for processing.

The chemical industry (SIC No. 28)

remains in fourth position among the
industries; however, water intake
requirements have declined more than
15 percent for the industry as a whole.
It can be speculated that impending
pollution control constraints in 1970
encouraged developments of recycling
facilities and further treatment of
effluent.

There are also indications that the
decline in the national economy con-
tributed to a lessening in demand for
certain groups of chemicals , such as

paint. By contrast, the demand for
agricultural chemicals more than
doiibled in little over a decade, and
the demand for soaps and cosmetics
also showed substantial increases.

As indicated, severe declines in water
use were experienced by the wood pro-
ducts industry, which changed its

standing from second to fifth place
among industries (SIC No. 24) . Two
factors may be chiefly responsible.
First, the slow-down in the building
industry had a direct effect on the

need for lumber. Secondly, the rela-
tively new practice of sprinkling log
decks, in lieu of using mill ponds for
storing and preserving logs , has also
contributed to the declining require-
ment. Where logs are stored over
impervious soil, return flow systems
are employed to recycle intake water
many times and thus to reduce make-up
water requirements.

Lumber mills continue to dominate the
wood products industry in water use

,

but mills Vciry considerably in rate of
water use. Respondents apparently
interpreted the term "water use" differ-
ently. Water use defined as intake
wate£^ , rather than consumptive use or
gross use— , is most easily understood,
but "flow-through" water into, and out
of, ponds is considered "water use" by
some respondents . The previous survey
included a few mills with exceptionally
high use, very close to total streamflow.

As a result of log deck sprinkling
(resulting in a lessening of "in stream"
millpond use) , construction decline,
and possibly other factors, the wood
products industry experiences a 70 per-
cent decrease in water requirements in

comparison to the boom construction
years of the 1950s.

In the industrial group of stone, clay,

and glass products, (SIC No. 32) glass
and glassware showed nearly a tripling
of water use. Water used in hydraulic
cement manufacture also increased, but
there was a drop-off in water use for

cement, gypsum, and plaster products —
again a possible reflection of the
decline in our economy during 1970.

Overall increase in this industry, as

indicated by level of water use, was
18 percent-

Water use in the primary metals industry
(SIC No. 33) continues to be dominated
by the blast furnace and basic steel
products, which show a rise of more
than 70 percent. Rolling and drawing
of nonferrous metals, although initially
lower in water use, showed even a more

1/ See Definition of Terms, Appendix D. 21
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dramatic increase of over 100 percent.
When totaled, the group rose a substan-
tial 70 percent during the past 12

years.

Because of sheer numbers of plants and
employees, water use in fabricated
metal products cind transportation
equipment industries (SIC 34 and 37) is

at traditionally high levels. Each has
increased slightly over the twelve
years between surveys (fabricated
metals about 4 percent, and transpor-
tation equipment 22 percent) . Most
water use in these industries is

directly related to the level of
employment, and little water is needed
for processing, with the exception of
the coating and engraving constituent
(SIC No. 3471) of these groups, which
requires great quantities of process
water. Because of high employment in

aircraft and parts manufacture, the
group, as a whole, remains at a high
level in water use.

Bulletin No. 124 resulted from use of
inadequate employment data for 1957
through 1959, which, in the earlier
study, located employees in "head-
quarter" counties rather than the county
in which the employees were actually
working. Since total water use is

computed from the employee unit rates
determined from the survey samples, and
from data on the total numbers of
employees , care must be taken that the
location of employees is known. In the
Bulletin No. 124 study, in a few cases,
all employees of a company with facili-
ties at various locations were errone-
ously considered to be located at the
"headquarter" office. For example,
petroleum-refining employees were
erroneously shown to be located in San
Francisco County and an equivalent
quantity of water was inadvertently
assigned to this area. These data were
adjusted after publication of the ear-
lier report, (Bulletin No. 124 — April
1964)

.

The ranking of water use among the
major industrialized counties followed
somewhat the same sequential pattern
during the past 12 years (Figure 4,

and Tables 3 and 6) with two major
changes. These changes are related to
the new patterns of activity in wood
products, and establishment of the
large water-using paper-pulp plant
located in Humboldt County. As men-
tioned previously, the use of water
for wood products declined signifi-
ccLntly because of a slowdown in home
construction. This and other factors
were probably responsible for a reduc-
tion in water use by Plvimas County,
which previously had been the second
highest industrial-water-using county
in the State. In most instances where
total county industrial water use
declined over the past decade in the
northern counties , the cause can be
traced to either a reduction in timber
cutting or a change to log-deck sprink-
ling in place of mill ponds.

Some of the differences in data pre-
sented in this report and that in

The responses to the survey question
asking for quantities of intake water
used for various purposes within the
plant, including cooling, processing,
boiler feed, air conditioning, sanitary
and drinking, and "other" (as reported
in Table 4) show that 57 percent is

used for cooling, largely because of
the high demands for petroleum refining.
Some 30 percent of the total intake is

used for processing; thus, these two
categories account for about 87 percent
of the total water intake. Without the
high cooling-water requirement for
petroleum refining, cooling and pro-
cessing would require about the same
amount of water.

Of the remaining water intake reported,
both fresh and brackish, 6 percent is

used for boiler feed; 3 percent for
"other" miscellaneous purposes (such as
factory and service-road dust suppres-
sion, fire protection, and esthetics)

;

2 percent for sanitary and drinking;

and 2 percent for air conditioning.
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Table 5 shows recirculation and dis-
charge. With a few exceptions, recir-
culation, as expected, was higher in
the "heavy" industries , which use large
amounts of process water. In several
cases it may be noted that air condi-
tioning water was extensively recircu-
lated in "light" industry, where close
plant temperature control was neces-
sary for sensitive processes and for
employee comfort.

Consumptive use of water varies con-
siderably among industries (Table 5)

.

Plants using water mainly for employee
comfort may discharge nearly as much
water as is received as intake unless
air-conditioning evaporative losses
are high. Elsewhere, where recycling
is extensively practiced, or where
processing and cooling are important
water-use functions, the discharge-
intake ratios— are understandably
lower

.

The weighted discharge-intake ratio
for the State, including all industrial

groups, is 0.69. Rates among industry
groups vary from slightly more than

0.40 to over 0.95.

When water quality is unimpaired or

where the water can be made acceptable
for reuse, plants with a high discharge-

intake ratio would seem to have a high
reuse potential.

Table 8 shows the attitude of manufac-
turers toward the use of reclaimed
water and potential acceptance of this

resource in the manufacturing process.

Overall acceptance equalled 55 percent
of the total intake. This figure was
determined by calculating that portion

of the total reported fresh intake
water that manufacturers indicated

they would accept from reclaimed water

sources.

The following table shows the willing-
ness of various industrial groups to

use reclaimed water as a part of the

intake supply.

Industry



Most manufacturing water derived from a

single source is self-developed from

brackish bays, estuaries, wells, cind the

ocean (Table 9) . The largest source

of fresh water (31 percent) is that

purchased from water agencies, which
derive their supplies from a variety of

primary sources. Almost 18 percent of

the fresh water supply is self-developed
from wells and springs, and a little

more thcui 6 percent is obtained directly
from stream diversion. Only a very

small fraction of 1 percent is self-

developed from lakes.

In the manufacturing industry as a whole,
55 percent of all water used is fresh,

and the remainder (45 percent) is

brackish.

•i^ij^'dijiasi^

Cooling towers used to cool tieated water in a refinery. Refining crude oil requires both fiigh pressures

and higti temperatures. The cooling towers dissipate the heat into the atmosphere safely and harmlessly.
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An important part of the water reprocessing and recirculating systems at Kaiser Steel Corporation's Fontana
plant are these four circular clarifiers, which remove syspended solids from industrial water. Due to exten-
sive reuse and recirculation of process water, Kaiser Steel uses only 4 cubic metres (1,100 gallons) of

water per ton of steel produced, compared with the steel industry average of 150 to 190 cubic metres
(40,000 to 50,000 gallons) of water per ton produced. Photo courtesy of Kaiser Industries
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Chapter V. INDUSTRIAL MANUFACTURING
WATER CONSERVATION

Industrial unit water intake is

expected to decline substantially
over the next decade because of (1)

governmental regulations on waste
water discharges and (2) possible
increases in the price of water to
industry.

The Federal Water Pollution Control
Act Amendments of 1972 (Public Law
92-500) impose strict restraints on
the discharge of industrial wastes.
The Act stipulates that as a national
goal, the discharge of pollutants into
navigable waters must be eliminated
by 1985. Stated in Section 204 (2)

is a requirement to recover federal,
State, and local funds contributed to

the construction of public sewage
facilities where industrial wastes
are collected and treated. Indus-
tries using the pxoblic facilities must
repay all costs properly allocated to
industrial function, based on the vol-
ume and character of the discharge.
The Act requires industry to imple-
ment the best practicable waste treat-
ment technology by July 1, 1977 and
the best available technology economi-
cally achievcible by July 1, 1983.

These stringent treatment require-
ments for waste disposal will provide
incentives to industry to reduce unit
water intake by either reusing waste
water or changing certain production
processes, or both. Some California
industries have already made such
changes because of the strict waste
discharge requirements imposed by the
Porter-Cologne Water Quality Control
Act of 1969.

It has been a common practice to
favor industry by a pricing policy
that reduces the unit cost of block
volumes of water for large-quantity
deliveries. Due to the increasing

costs of water development and the high
cost of energy required for delivery,
it is anticipated that pricing sched-
ules of many water agencies will be
modified to eliminate decreasing block
rates (i.e., the larger volume used,
the lower the unit volume price) in

favor of uniform rates, or increasing
block rates.

Although "once-through" water use for
cooling and processing is fast being
eliminated, there is still considerable
opportunity for reducing water demands

.

Evidence of reductions in water demands,
brought about by changes in operations
or special plant designs, are numerous
throughout the State. Some examples
are provided in the following paragraphs.

Steel production requires unusually
high quantities of water, as is demon-
strated by various plants throughout
the nation, but a major California
steel producer has nearly approached
the theoretical limit in treating and
reusing its somewhat limited water sup-

ply. Normally, a fully integrated steel
plant uses 150 to 190 cxobic metres of
water (40,000 to 50,000 gallons) per
ton of steel. Kaiser Steel, located at

Fontana in Southern California, has
reduced this figure to 4 cubic metres
(1,100 gallons) as a result of the short
water supply in this arid region, and
the wastewater control standards for

discharge of plant effluent.

More than 40 paper plants operate in

California, producing 6 100 tonnes

(6,700 tons) of paper and paper products
each day. Four paper mills use waste
wood from lumber and plywood plants

,

and one of these mills is also using
recycled wood derived from dunnage
lumber and pallets. The rest of the

mills produce paper from recycled waste
paper and wood fines.
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Most paper mills operate continuously.
Process water use by all paper mills
currently exceeds 435 000 cubic metres
(115 million gallons) a day. The four
paper mills referred to in the pre-
ceding paragraph produce paper pulp by
a chemical process and have a daily
process water requirements of about
265 000 cubic metres (70 million
gallons)

.

Technological changes have contributed
greatly to the recycling of process
water. Today, water recycling or
reuse is being practiced in all paper
mills. Industry sources indicates
that further improvements in water
reuse can be expected as the technology
of water pollution control advances.

Almost all of the lumber and lumber
products produced in California origi-
nate in the northern part of the State.
In prior years, the industry accounted
for the highest rate of use per
employee among the manufacturers of
the State, primarily because of the
large quantities of water used in mill
ponds to store and protect logs. In
most cases, however, this water was
diverted from local streams and then
retxirned, with only small consumptive
losses, after once-throu<jh use.

The use of mill ponds for storage and
quality control is now being supplanted
with sprinkled log decks. In this
method, logs are stacked in long rows,

perhaps 7 to 9 metres (20 to 30 feet)

high, and as long as 275 metres (900

feet) . Sprinkler pipe is laid along
the top of the log decks as shown in

the following photograph. The decks
are continuously wetted by the sprin-
kler applications, cind the return
flows are often recirculated from
catchment basins and sumps in a con-
tinuous cycle.

The petrolexim industry has tradition-

ally used large quantities of water in

its refining process. Although water

use varies widely among refining

plants, an average of 6 litres (1.6
gallons) of water is required to refine
4 litres (1 gallon) of crude oil. The
Western Oil and Gas Association queried
20 California refineries and found that
all 20 use and reuse water about five
times, largely for cooling and boiler
feed. In terms of water discharged per
barrel of crude oil processed: for
cracking plants, the range is about 38

to 190 litres (10 to 50 gallons) ; for
lubrication-oil plants, about 76 to 304

litres (20 to 80 gallons); and petro-
chemical plants, about 56 to 225 litres
(15 to 60 gallons).

kirk tu.

Mill ponds (left) are used less frequently for storage and preservation of logs. The practice today is to stack

logs In sprinkled decks (right), which requires considerably less water.
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Processing poultry requires large quantities of water

Each chemical plant has its own unique
water requirements, and water uses are
extremely varied. Although the actual
water consumption for the industry is

relatively small, the gross water use
required by a chemical plant may be very
large, depending on the products made
and the processes used.

The trend in the chemical industry is to
use less water in each manufacturing
unit. As in other heavy industry, this
is being accomplished by the use of
cooling towers, which enable a continu-
ous reuse of cooling water. In addition,
many manufacturers are modernizing or
constructing new plants that use less
water and produce less waste. As in

other industries, a possible disadvantage
is that increasing amounts of energy may
be required for waste water treatment
and reuse. Because of the current
strict regulations governing waste dis-
charges, major improvements are being
made in waste water treatment by the
chemical industry.

In California, the fruit and vegetable
processing industry provides a large
portion of the nation's food. Natural
and uncontrollable variations in the
generation of wastes from this pro-
cessing are characteristic of the

Some plants are emphasizing reclamation and other water-

saving techniques

industry. Many of the plants are
major water users — and waste genera-
tors. Raw foods must be clean and
wholesome for human consvunption , and
food processing plants must be sanitary
at all times, therefore, relatively
large volumes of clean water are used —
and are now frequently reused — prior
to discharge.

The food industry was more seriously
affected by pollution control require-
ments than were most others. The
result was an effort by the industry
to itensify its efforts to develop the
necessary equipment and technology to
use less water and thus produce less
waste water. The effect of this effort
to reduce water use has been the gen-
eration of liquid wastes, which are
much smaller in volume but higher in
organic content.

Nationally, the industry reuses 73 per-
cent of its water — 680 cubic hecto-
metres (550,000 acre- feet) — in an
effort to conserve and reduce waste
discharge. The quantities of water
reused vary considerably from plant
to plant and among plaint sizes. The
range is from about 30 percent of the
water intake to more than 70 percent
in the largest plants.
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Examples of California industries that

have taken action to reduce water
intake are as follows

:

In 1972, a paperboard plant began a

conservation program by installing
water clarifiers to allow better reuse

of well water. Water use was reduced
from 15.0 cubic metres (3,960 gallons)

per ton of paper products to 11.1

cubic metres (2,920 gallons) per ton of

product; a 26 percent reduction. The

cost of developing this process was

$54,000, which went toward capital

equipment, mechanical changes, and
experimentation.

A plant preparing animal by-products

drastically reduced plant wash-down
water use in less than two years. They

changed from use of fresh water to

recycled waste water, saving 7 693

cubic metres (2.1 million gallons) at

plant No. 1, and 3 661 cubic metres

(0.97 million gallons) at plant No. 2.

Total use at plant No. 1 was 28 020
cubic metres (7.4 million gallons),
which was reduced to 20 057 cubic
metres (5.3 million gallons), or
more than 28 percent. Use at plant
No. 2 was 11 429 metres (3.0 million
gallons) , which was reduced to 7 767
cubic metres (2.1 million gallons) —
a reduction of 32 percent. The company
indicated that the program is effective
and is actively promoting conservation.

At another plant, bulk unloaders were
installed to reuse conveying and rinse
waters. Solid materials are being
extracted from lye peeling and diverted
to the bulk pack. Screening facilities
were enlarged from three screens , with
a single passover, to a twelve-screen
system with all flow being screened
twice in an effort to remove as many
solids as possible. A program to
reduce water use was instituted during
the 1974 season and has been followed
stringently since then.

Final effluent from paper manufacturing process is piped to adjacent fields for irrigation of

crops. Altliougfi no longer suitable for manufacturing, the effluent is of adequate quality

for irrigation.
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The implementation of this program
involved several steps: First, the

minimum water required for effective
rinsing was determined, and flow-control
devices were installed on intake water
lines; slightly contaminated water from
air scrubbers is now used for prelimi-
nary rinsing. Then, counterflows were
installed so that water used for rins-
ing acid from the work can be used to

rinse alkaline cleaner before entering
the acid tank. Flow changes were made
so the maximum use can be made of water
before it is sewered or treated. Final-
ly, strict controls have been placed
on all operations to prevent uncon-
trolled and random rinsing with hoses.

The company is also conducting instruc-

tional and educational training to con-
vince those responsible for water use
that conservation of water in the fac-
tory is necessary and important.

Almost all plants contacted indicated
an awareness of the need for conserva-
tion of water and a probable trend in
this direction. Simple steps are being
taken first, such as turning off hoses
and reducing excess washing of floors
and equipment. These first steps are
being followed by installation of simple
equipment to filter and recycle process
and cooling water where heavy treatment
is unnecessary. And, most manufacturers
are constantly seeking new ideas for
water conservation.

Washing lower extremeties of cows before milking. Water

is gathered in the channel (foreground) and reused to

irrigate alfalfa.
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APPENDIX B

Survey Questionnaires Forms

(The form shown was sent to groups of industries

with potentially high water requirements. A

similar but less-detailed form was sent to small
manufacturers with expected lower water requirements.)
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INDUSTRIAL WATER USE SURVEY
(for the calendar year 1970)

NAME OF COMPANY

STREET ADDRESS .

CITY, STATE. ZIP
.

COUNTY

CONFIDENTIAL

Data furnitNed in this report will bt treated in strict

confidence and will only be published in combination

with industry totals.

Account number assigned by the California Department of

HUMAN RESOURCES DEVELOPMENT (this number IS shown on your address

mailing slip included with this material)

Major Standard Industrial Classification code .

Item I: INTAKE WATER (new, or makeup woter - annual use)

REPORTED IN: .

for).

GALLONS
ACRE FEET

D
D (Specify which)

A. Processing

B. COOLING a condensing

c. BOILER Feed
D. EMPLDYEBrSANITARY-ETC

E. Air CONDITIONING

F. OTHER

G. TOTAL

SELF PRODUCED



lt.mV: WATER DISCHARGE

HEPORTED IN: GALLONS
("O ACRE FEET

ANNUAL DISCHARGED AMOUNT

(SpBcily which)

It.m VI: USE OF RECLAIMED WATER

COULD YOU USE RECLAIMED WATER IN YOUR OPERATION IF IT WERE AVAILABLE AT ACOMPARABLE COST AND QUALITY TO YOUR PRESENT SUPPLYT ".l..™.*.!;. ......*
IF YES. WHAT PERCENT?

lt»Hi VII: AREA OF THE PLANT

l^^S^r
^" "" °'' *''^* °^ ""OPERTY AT THIS LOCATlONfdo no, include undeveloped

YES n NO n

REPORTED IN: ACRES
(<>') SOU*. ; FEET

TOTAL AREA

(Specify »4tich)

lUmVill: PLANT PRODUCTION (of this location)

A. List THE MANUFAC-
TURED PRODUCTS IN

ORDER OF IMPORT-
ANCE BY VALUE

50
5_n

sn
sn

PRODUCT % OF PRODUCTION UNITS OF PRODUCTION*

*
DUCTIOnLoStI°!.*1."""...''°^^^^^^

as a percentage of TOTAL PRO.

C. WHAT IS THE TOTAL VALUE OF ANNUAL PRODUCTIONT*
D. WHAT IS THE TOTAL VALUE ADDED BY MANUFACTURE?*
E. IN YOUR JUDGMENT. WHAT CHANGE WOULD BE EXPECTED TO OCCUR IN YOUR LEVELOF PRODUCTION OVER THE NEXT 10 YEARS? (Report in percentage chenge; 1007. would

indicate the same level ol production as present.)

PLEASE REFER TO DEFINITION OF TERMS

(SD)

lt.mlX: EMPLOYMENT

INDICATE THE NUMBER OF EMPLOYEES EARNING WAGES DURING PAY PERIODS WHICHINCLUDE THE I2TH OF:

[please refer TO YOUR HUMAN
RESOURCES DEVELOPMENT (4)
QUARTERLY REPORTS OF EMPLOY-
MENT - (ITEM A, FORM DE 31 FOR
I970]

JAN III
.

FEB (21.

MAR (31.

APR (4).

MAY (5).

JUN («)_

JUL (71 _

AUG 181 .

SEP (91 _

OCT (IOI_

NOV llll_

DEC (12l_

lt»mX: COMMENTS

PRESENt'TnO fT.
*°°'^'°''*^ COMMENTS YOU MAY FEEL WILL BE OF ASSISTANCE TO US IN UNDERSTANDING YOURPRESENT AND FUTURE WATER NEEDS AND WATER PROBLEMS.

Name of responsible company official to contact

Title .

Phone.

I ACRE FOOT = 43.S40 CUBIC FEET OR S2B.4Bt GALLONS
I CUBIC FOOT = 7.441 SALLOMS 89
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Definition of Manufacturing

The "Standard Industrial Classification Manual"—'..1/

defines manufacturing as:

". . . . those establishments engaged in the mechanical
or chemical transformation of inorganic or organic substances
into new products, and usually described as plants, factories,
or mills, which characteristically use power driven machines and
materials handling equipment. Establishments engaged in assem-
bling component parts of manufactured products are also con-
sidered manufacturing if the new product is neither a structure
nor other fixed improvement.

"The materials processed by manufacturing establish-
ments include products of agriculture, forestry, fishing, mining,
and quarrying. The final product of a manufacturing establish-
ment may be finished in the sense that it is ready for utiliza-
tion or consumption, or it may be "semifinished" to become a raw
material for an establishment engaged in further manufacturing.
For example, the product of the copper smelter is the raw material
used in electrolytic refineries; refined copper is the raw mater-
ial used by copper wire mills; and copper wire is the raw mater-
ial used by certain electrical equipment manufacturers.

"The materials used by manufacturing establishments may
be purchased directly from producers, obtained through customary .

trade channels, or secured without recourse to the market by
transferring the product from one establishment to another which
is under the same ownership. Manufacturing production is usually
carried on for the wholesale market, for interplant transfer, or
domestic consumer.

"Printing, publishing, and industries servicing the
printing trades are classified as manufacturing industries.

"There are borderline cases between the manufacturing
division and the other divisions in the classification system.
Specific instances will be found in the descriptions of the
individual industries. A few of the more important examples are:

AGRICULTURE, FORESTRY, AND FISHERIES

"Processing on farms is not considered manufacturing if
the raw materials are grown on the farm and if the manufacturing
activities are on a small scale without the extensive use of paid
labor. Other exclusions are custom grist milling, threshing, and
cotton ginning.

17 U^ W. Government Printing Office, Washington D.C., 1967.
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Definition of Manufacturing (Continued)

MINING

"The dressing and benef iciating of ores, and the break-
ing, washing, and grading of coal are not considered manufacturing,

CONSTRUCTION

"Fabricating operations performed at the site of con-
struction by contractors are not considered manufacturing, but
the prefabrication of sheet metal, concrete, and terrazzo pro-
ducts and similar construction materials is included in the
manufacturing division.

WHOLESALE AND RETAIL TRADE

"Establishments engaged in the following types of opera-
tions are not included in the manufacturing division: assembling,
grading, and preparing fruits and vegetables for market; shelling
and roasting nuts; and establishments primarily engaged in selling
to the general public, products produced on tbf-. same premises from
which they are sold, such as bakeries, candy stores, ice cream
parlors, shade shops and custom tailors."

It should also be noted that steam-generated electricity
is not included under Division D.
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STRUCTURE OF THE STANDARD INDUSTRIAL
CLASSIFICATION SYSTEM

The Standard Industrial Classification Manual of 1967

describes the method by which the system is structured and how it

can be used to satisfy various levels of detail required:

"The structure of the Classification makes it possible

to classify establishments by industry on a two-digit, a three-

digit, or a four-digit basis, according to the degree of detail

in information which may be needed. It permits an agency to

select the level of detail considered most appropriate for pre-

sentation of its data. Also, it permits an agency to use addi-

tional subdivisions in adopting this Classification for its own

use, while still retaining comparability with the classification

used by other agencies. Furthermore, comparability with the

Classification may be maintained on a two-digit basis by combin-

ing groups or industries within a major group; similarly, com-

parability may be maintained on a three-digit basis by combining

industries within a three-digit group. All groupings or industry

subdivisions should be clearly labeled.

Agencies which use the three-digit code may use a zero

temporarily on the third-digit position for coding reports on which

available information is inadequate for proper allocation to a

specific three-digit group. For example, major group 25 Furniture

and Fixtures, is divided into the following groups:

251 Household Furniture
252 Office Furniture
253 Public Building and Related Furniture
254 Partitions, Shelving, Lockers, and Office and

Store Fixtures
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259 Miscellaneous Furniture and Fixtures

If an establishment is described as engaged in manu-

facturing furniture, the report should be coded as "250" until

sufficient information is obtained to assign the establishment

to the appropriate group.

An agency which uses the four-digit code may use a

zero temporarily, in the fourth position, to code reports for which

the information available is inadequate for proper allocation to

a specific industry.

It will be noted that whenever number nine has been

used on the third-or-fourth-digit position, it has been assigned

to miscellaneous three-digit groups or four-digit industries

covering establishments not elsewhere classified. The establish-

ments grouped at the four-digit level as "not elsewhere classi-

fied" may not constitute homogeneous groups but are treated as

separate industries for purposes of this classification.
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DEFINITIONS

Air Conditioning - Water used as a heat exchange medium in an

apparatus for controlling the humidity and temperature of

air.

Boiler Feed - Water used for developing steam power, not including

water used in the cooling and condensing of steam.

Brackish Water - Water with a mineral content in the general

range between fresh water and seawater. Water containing

from 1 000 to 10 000 milligrams of dissolved solids per

litre. For this survey, brackish water is considered as

water containing more than 1 000 milligrams of dissolved

solids per litre.

Cooling Water - Industrial water used to remove heat from the

material being processed and the processing machinery.

Employee - Each person on the payroll of an operating manufacturing

establishment for any duration.

Employee Working Days - The product of the average annual number

of employees and working days.

Employment - The total number of employees working at each plant

on the 12th day of each month in 197 0. Data is from reports

of quarterly employment to the Employment Development

Department (EDD)

.

Establishment - An economic unit which produces goods or services —

for example, a farm, a mine, a factory, a store. In most

instances, the establishment is at a single physical location,

and it is engaged in only one, or predominantly one, type of

economic activity for which an industry code is applicable.
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Gross Use - Total quantity of water required for all purposes

including recycled water.

Process Water - Water used for any purpose other than air con-

ditioning cooling, sanitary, and boiler feed, which is

brought into contact with the materials being manufactured

or processed. Except for small amounts of water which may

be vaporized or m.ay enter a product either as part of a

mixture or in chem.ical combination, process water is even-

tually discharged, usually containing waste materials from

the manufacturing operation. A large portion of this water

is often treated and recycled. Process water would also

include water used for plant and equipment washing and for

transporting the raw m.aterials and products.

Recirculation (or recycling ) - The process of recapturing water

once used in the manufacturing process and using this source

to supply intake requirements. It differs from reclaimed

water in that the source originates within the plant.

Reclaimed Water - Water recovered directly from wastes (and put

to beneficial use at another location)

.

Recycle Rate - Frequency with which Intake Water is recycled. It

is calculated by dividing Gross Use by Intake.

Sanitary and Drinking - Water used directly for employees,

including washing and for personal hygiene. (shown as

Employee/Sanitary on the survey questionnaire)
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Urban Water Use - The use of water for urban purposes, including,

but not limited to, residential, commercial, industrial,

municipal, military, and institutional classes. The term

is applied in the sense that it is a kind of use rather

than a place of use.

Working Day - Any day during which the establishment is operated

by some or all employees.
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DETAILED PROCEDURES

Mailing of the questionnaires and other material was

contracted through interagency agreement with the State Department

of General Services. The mailing package consisted of an address

mailing slip, a letter of transmittal, a definition of terms used

in the survey forms, and the questionnaire. Actually, two question-

naires— were circulated, each covering the same points but one

considerably simplified for industries in which water was used

primarily for drinking and sanitary purposes.

As questionnaires were returned, they were recorded

and replies to questions were sent where requested. Editing of

the forms was conducted by the three cooperating agencies. A

procedure was established whereby forms were checked for identi-

fication consisting of name, address, county of operation, special

assigned account number for filing purposes, and Standard Industrial

Classification Code number. Secondly, lonits of water measurement

were examined for reasonableness. Then, each of the questions

answered was examined to see if a logical reply was provided.

Where there were questions involving significant factors, companies

were contacted by phone. If the editor thought certain pertinent

information may have been inadvertently deleted by the respondent,

phone contacts were made, or letters sent. Because of the possi-

bility of human error in the editing process, final edits were

made by computer at L.B.L. (described in a succeeding section)

.

1/ See Appendix B
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After the initial edit, the forms were sent to San

Francisco Optimation Center for recording. Here the data were

keyed in by an operator using the ENTREX Key to Disk System; and

with the use of a NOVA Mini Computer, the data were coded, packed,

and transferred to magnetic tape according to a fixed format.

The recording of this survey directly onto magnetic tape elimin-

ated the costly, time consum.ing, and awkward handling of punched

cards as were used on the previous survey.

The magnetic tapes were sent to U. C. Lawrence Berkeley

Laboratory where programs were written in Fortran on a CDC-7600

computer to reformat, edit, analyze, sort, and summarize the

information for producing the published tables at the end of

Chapter 5.

Data from each form were reformatted for optimum compact-

ness and ease of viewing. Each item in a form, was checked to see

if it had correct character type, was within reasonable limits,

was logically consistent with itself, and was logically consistent

with related items. Notations about probable errors were appended

to each reformatted form and stored for future access or viewing

on magnetic tape, chip store, and microfiche.

The reformatted, error-flagged forms were sorted with

respect to the special assigned account number (HRD) for ease of

comparing with the original form in cases where gross errors were

noted. Obvious errors were corrected by editors, and when

necessary, the manufacturer was contacted. Corrections were typed

on cards, and the reformatted forms were changed, checked again,

probable errors flagged again, and restored. This process was
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repeated until a desired level of exactness was obtained. Then

all probable duplicate forms were investigated and depleted where

appropriate.

The final edit was then sorted in two ways: by SIC

number, and by both county code and SIC number. These sorts

were also stored on magnetic tape, chip store, and microfiche.

Accumulations were made on each of the items from the reformatted

forms in each of the sorts and stored for future access and mani-

pulation. Detailed tables (4 digit SIC) were generated from the

previous accumulations. They were checked for reasonableness,

and with enough information being provided that questionable

accumulations could be examined by going back to individual

reformatted forms on microfiche, thus requiring more of the

aforementioned editing. With the acceptance of the detailed

tables, the water use values were expanded by use of employment

data from the Employment Development Department in order to

account for the unreported plants. Survey data from respondents

reported in Tables 1 through 5 provide the sample used to estimate

total water use shown in Tables 6, 7, and 8.

From the reported data, a unit water use, per employee,

was calculated for each industrial group, in each county. In

expanding the employee unit use, the value so developed was

multiplied by the total number of employees known to be engaged

in each industrial group, for each county.

Where responses were lacking for certain industries,

the statewide average unit use value for that industry was
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substituted in order to expand the data for that county.

Some problems were experienced where the employee loca-

tion list included large numbers of office workers associated with

certain industries, but actually located in other counties. To

correct these situations, the water use associated with these

office workers was redistributed to the counties where the manu-

facturing was known to occur. A case in point was the distribu-

tion of water associated with petroleum refining office workers

in San Francisco County, to Contra Costa and Los Angeles Counties,

where the processing plants are sited.
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